Introduction 28
Sea-ice has the potential to modify the Earth's climate system through a variety of 29 factors. For example, it can perturb the radiation budget through the ice-albedo feedback, 30 modify Deep Water production and thus the global overturning circulation, and control air-31 sea exchanges of heat, moisture and carbon. In addition to the physical impacts, changes in 32 sea-ice also have significant ecological implications. As such, understanding the mechanisms 33 that govern sea-ice variability is of crucial importance, particularly in light of contemporary 34 changes to the polar climate systems. In the Arctic, sea-ice extent (SIE; defined here as 35 the cumulative area with at least 15% sea-ice cover) has experienced an extremely rapid 
Data and Methods
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The analyses of this investigation make use of monthly-mean SIC from the Hadley Centre Monthly-mean 500-hPa geopotential heights (Z 500 ) are from the National Centers for Cold Tongue Index (CTI), defined as average SST anomalies over 6
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NINO3, NINO4, Southern Oscillation Index), and the results proved to be largely insensitive to the choice of index. Prior to analysis, both the SAM and ENSO indices were standardised 161 by removing the long-term mean, and dividing by the long-term standard deviation; as such,
162
regression results relate to changes for a one standard deviation positive event.
163
Due to the problems associated with sparse data coverage in the SH, the analyses are surface winds, can be inferred from Z 500 heights when assuming geostrophy.
238
The results in the left column of Fig. 3 variability is important. Note that these analyses were also repeated using several ENSO 284 indices, and the results remained qualitatively similar.
285
The authors now examine the extent to which the leading patterns of SIC variability 
293
In all seasons, the leading patterns of SIC variability exhibit largest amplitudes in regions 294 that coincide with the largest standard deviation (Fig. 2) SAM/ENSO relationship are expressed using composite differences (i.e. positive -negative).
327
The non-linear components, or the departure from symmetry, are calculated using composite 
356
Note that a similar analysis for positive and negative composites of the SAM was not shown 357 due to the more linear nature of its signature in the Z 500 and sea-ice fields (Fig 5) . the seasonal cycle of sea ice (Fig. 2) .
392
The authors now quantify the proportion of contemporary SIC trends that are linearly shausen regions exhibits a stronger association to the atmospheric circulation anomalies 459 (Fig 11) , consistent with previous findings presented here (Figs 3-7) . Of particular interest 460 is the differing atmospheric circulation patterns that emerge between the two regions (Fig 11,   461 bottom two panels), highlighting that separate mechanisms may be forcing SIC-variability is significantly correlated with ENSO during this season (Table 2 ). In the Ross Sea region, 467 however, the structure of height anomalies in both JJA and SON projects onto the conven-468 tional zonally symmetric signature of the SAM (Figure 11 ), and significant correlations to 469 the SAM are observed in both seasons (Table 2 ). This SAM-related pattern of variability is ENSO-related SIC variability tends to be weaker and more diffuse than SAM-related SIC 488 variability (Fig 3) . Nevertheless, during DJF, the patterns of sea-ice anomalies associated 2) Antarctic sea-ice variability exhibits an enhanced connectivity to the atmospheric circula-493 tion associated with the SAM and ENSO during the cold season months.
494
As previous studies typically evaluate SIC-SAM/ENSO relationships on annual timescales 495 or a select few seasons, the relative connectivity of SIC variability to the SAM and ENSO
496
has been little considered. Through analysing all four seasons, however, it has become apparent that both the SAM and ENSO exhibit the strongest linkages to Antarctic sea-ice Fig 4) . Similarly, only JJA and SON SIC variability in the Bellingshausen and
507
Ross Seas are strongly linked to large-scale patterns of atmospheric circulation during the 508 cold seasons (Fig. 11 , Table 2 ). Consequently, SIC variability during the warm seasons 509 may be impacted by other factors that are not considered here.
510
3) The impacts of the high-latitude ENSO teleconnection to sea-ice are highly phase depen-511 dent. factors were excluded from this study due to our focus on the standing-wave components. Table 2 . Time series correspond to the average sea-ice concentration over the region defined by black boxes shown in Fig. 8 . Figure 3 , but Z 500 (contours) and sea-ice concentration (shading) anomalies regressed onto standardised sea-ice time series from the (left-hand panels) Bellingshausen and (right-hand panels) Ross Sea regions. Red squares define the spatial limit of the area used to create the sea-ice time series, and correspond to the black boxes of Fig. 8 . Note that the Ross Sea box moves equatorward during JJA and SON.
